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The associated benefits of physical exercise on cognition have been studied in terms of different variables. These 
benefits in natural environments have been studied during the last decades, and several investigations have 
shown contradictory results, it could be explained by the diversity of methodological variables that influence the 
results. The present study aims to analyse the acute effect of a 10 km resistance test in two environments (natural 
and artificial) on working memory, evaluated with the Digit Span Test. Thirteen highly trained University Students 
exceeded the inclusion criteria for the study, the methodological recommendations found in previous studies were 
implemented. The physical exercise intervention was running 10 kilometres at a rate of between 4.00 min/km and 
4.10 min/km. This exercise was done in two circuits, in an artificial and natural environment. The subjective 
perception of effort and the control over the difficulty of the two circuits were controlled to confirm the same level 
of intensity. One-way ANOVA with Pre-Artificial Environment Condition (0.23 ± 0.16) and Post Artificial 
Environment Condition (0.94 ± 0.03)] revealed a significant main effect of environment condition, t (13) = 2.14, p 
< .05, d = 0.62. The results obtained showed how the natural environment produced significant improvements 
however, the artificial environment improved the results in the cognitive test, although not significantly. The results 
could be explained by the theory of restoration of attention that natural environments represent, confirming the 
hypothesis that the performance of physical exercise in natural environments produces an additional effect on 
working memory. 
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Recent literature there has been a progressive increase in interest relating to the performance of physical 
exercise to different cognitive variables in all types of populations’ improvements. These investigations have 
succeeded in demonstrating how physiological phenomena associated with an exercise produce progresses 
in memory performance (Coles & Tomporowski, 2008; Tomporowski & Ganio, 2006), attention (Harte & Eifer, 
1995), or surveillance (Naveen et al., 2017; Sanabria et al., 2019), among other variables related to cognition. 
That is why it seems to consolidate an important theoretical basis that justifies the relationship between 
cognitive performance and the performance of a certain physical effort. However, the diversity of variables 
that can condition the consolidation of this relationship remains an aspect that should be studied in depth. 
Within these variables, it has been possible to observe how the intensity, volume or type of physical exercise, 
as well as the level of the physical condition of the person, have consolidated as factors that modify cognitive 
performance (Costigan et al., 2016; González-Fernandez et al., 2020; Sanabria et al., 2019; Singh et al., 
2019). In addition to these variables, the environment where physical exercise is performed has also been 
shown as a conditioning variable, since there are various works that support the idea that natural 
environments could help improve performance in cognitive assessment tests to a greater extent than artificial 
environments (Berman et al., 2008; Bratman et al., 2012; Rogerson et al., 2016). As mentioned above, the 
effects of the present natural environment on cognition have been highly studied. The findings found in the 
literature suggest how nature itself produces improvements in concentration, sense of well-being, attention 
and working memory (Bodin & Hartig, 2003; Bratman et al., 2015; Lee & Maheswaran, 2011; Pretty, 2004). 
Consequently, there seems to be some consensus when explaining that the cognitive improvement produced 
in natural environments, performing an activity, whether physical or not, is justified with the theory of 
restoration of care (Kaplan, 1995). This theory points out that urban environments can cause greater cognitive 
demands than natural environments, depleting attentional resources and, therefore, decreasing cognitive 
performance in tasks that require selective attention or working memory (Hartig et al., 2003; Kaplan, 1993). 
In addition, Bratman et al., (2015) emphasize how natural environments cause people a kind of "fascination" 
that helps replenish attention. This is why better performance is assumed in tests that measure working 
memory and attention after having remained in a natural environment. 
 
These antecedents, that positively relate the binomial physical exercise in a natural environment with 
cognitive performance, have led researchers to focus efforts on analysing a possible "multiplier effect" of 
uniting both variables. Therefore, the set of physical exercise in natural environments (PEN), known in the 
literature as green exercise, has been highly studied through different systematic reviews and meta-analyses 
(Bowler et al., 2010; Lahart et al., 2019; Thompson Coon et al., 2011). However, Lahart et al., (2019) after a 
meta-analytical process, question the additional effect of performing PEN on physical exercise in artificial 
environments (PEA), arguing that there is no clear conception in the literature about it, being able to find a 
diversity of results, both for and against, around this theory. 
 
The lack of consensus found in previous studies could be explained by the diversity of variables that condition 
the results (Baena-Morales et al., In Press). In addition to the aforementioned effects of the environment, 
they are joined by others such as the intensity of the physical activity or exercise performed, the duration of 
the stimulus, the study population, or even the cognitive test performed (Baena-Morales et al., 2020), which 
may complicate the comparison between some investigations and others. As indicated, the use of different 
cognitive assessment tests is one of the reasons for the disagreement between previous research (Baena-
Morales et al., 2020). One of the tests that has been most widely used to compare the effect of PEN and 
ADP is the Digit Span Test. This test has also been widely used to assess verbal memory, attention or 
working memory (Otroski-Solís & Lozano, 2006). Furthermore, it has been assumed that digit span tasks not 
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only measure attention within the context of formal assessment, but also generalize to aspects of everyday 
life (Groth-Marnat & Baker, 2003). This test can be performed in two ways, by recalling a sequence of digits 
forward and by recalling the sequence of digits backward. The backward sequence is more complex as it 
requires more mental control, because the person has to manipulate the information and retrieve it from his 
memory (Sohlberg & Mateer, 1989). Therefore, DST allows the evaluation of the attention control system 
responsible for the selection of strategies, control and coordination of cognitive processes (Otroski-Solís & 
Lozano, 2006). 
 
In addition to this factor, there appear to be methodological shortcomings in the research aimed at comparing 
PEN with PEA (Lahart et al., 2019). For example, some studies that have analysed the additional effect of 
PEA on working memory have not included in their design the figure of a control group, nor have they checked 
whether the two experimental groups performed the physical exercise at the same intensity or supervised 
whether there was an excessive cognitive requirement during the performance of the task, as could involve 
talking to other participants or excessive traffic (Baena et al., 2020). Also, in previous literature studies have 
mainly evaluated the performance of various exercises, such as walking (Bailey et al., 2018; Berman et al., 
2008; Bratman et al., 2015; de Brito et al., 2019; Fuegen & Breitenbecher, 2018), cycling (Rogerson et al., 
2016) or running (Bodin & Hartig, 2003; Rogerson & Barton, 2015). Finally, variables such as the duration of 
the exercise or the intensity of the exercise are other variables that can condition the results on the working 
memory. It has been observed that the acute interventions that carried out foot race were, mainly, at a 
moderate and light intensity, and with a maximum duration of 60 minutes (Bodin & Hartig, 2003; Rogerson & 
Barton, 2015), being only the study of Bodin & Hartig (2003) the only one who examined the effect of physical 
exercise on working memory in non-professional runners. 
 
Also, there has been a significant lack of consensus in the literature on a possible additional effect of PEN 
on PEA. Besides, since exercise has the acute effect, studies should be considered with a sample that has 
a similar level of physical condition, thus minimizing a possible polluting effect of the intensity or volume of 
the exercise performed. For all these reasons, the present study has been based on the deficiencies found 
in the previous literature to implement a research design whose main purpose is to avoid the weaknesses of 
previous research. 
 
For these reason, this research’s objective is to compare the results obtained by highly trained university 
students in a test of attention and working memory such as DST, after a physical exercise intervention in two 
different environmental contexts. According to the related literature, the hypothesis is that there will be no 
significant differences between the intervention in the natural environment and that performed in a stable 
environment. The results obtained will help to clarify to what extent variables such as the level of physical 





A total of 13 highly trained university students participated in the study (age = 28.4 ± 3.25). These inclusion 
criteria were used: at least five years of experience in athletics, a weekly training volume of more than 30 
kilometres and an approximate performance of 40 minutes over a distance of 10,000 meters. All participants 
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Design and procedure 
A pre-post randomized crossover design was carried out, dividing the study into three main sessions. 
 
In the first session, the subjects attended an informative meeting where the objectives of the study were 
explained, also, the procedure and tests, as the conditions to participate. To avoid that several variants could 
contaminate the results, the cognitive test was presented and carried out previously. They were also informed 
of the importance of carrying out the experiment avoiding conversations with other participants in the study 
and were informed of the route to be taken. The subjects were instructed not to perform any strenuous training 
for at least 72 hours before the execution of the resistance tests. Additionally, they were instructed not to 
drink stimulant beverages, reminding through text messages the importance of being well hydrated at the 
time of the tests and taking care to respect the usual time of training of each subject. The second and third 
sessions were divided into different phases: 
 
Phase 1. Warm-up and pre-test DST 
Always before the endurance test, the subjects did a basic warm-up based on a continuous 15-minute run 
and joint mobility. RPE was measured to check whether the subjects were at a similar level of pre-race 
fatigue. 
 
Phase 2. Performance of the 10km endurance test 
The study consisted of two resistance tests of similar distance (10 km) (TR10) and intensity in two 
environments, artificial (TR10A) and natural (TR10N). To confirm that the results of the test were not affected 
by the intensity, two mainly flat circuits with a similar accumulated difference in the level were selected 
(natural = 87 meters and artificial = 56 meters). In addition, it was confirmed with GPS that the race pace was 
between 4.00 min/km and 4.10 min/km. The subjective perception of effort (RPE) was used both before and 
after the race, as well as after a five-minute rest period. The pavement of both circuits was also controlled, 
trying to run on a stable surface free of considerable obstacles such as cobbles, sand, or any other factor 
that could influence performance. 
 
The measurement of the resistance tests was performed alone on different days and times for each of the 
subjects. The order in which the tests were carried out was randomized, leaving one week between the 10 
km race in an urban environment and the one in a natural environment. 
 
Phase 3. Post-test DSP in two stages 
Just at the end of the TR10A and TR10N, the subjects filled in the relevant RPE and were given the Digit 
Span Test-backward (DST). This process was repeated after a five-minute break. The protocol for performing 
the DST was carried out in accordance with standard administration. The test was applied to each of the 
environments on three occasions: before, after, and after five minutes of TR10. A randomized number 
sequence was read, with one number being spoken every second and increasing from 2 to 8. Subjects had 
to repeat the number sequence backward. If an error occurred in a number sequence, the previous number 
sequence that had been able to repeat correctly was recorded as a score. 
 
Instruments 
The Digit Span Test backward (DST) for the evaluation of working memory and attention was included and 
applied in the study. The DST protocol was carried out according to the standard administration, using a 
tablet to carry out the data recording. The subjective perception of effort (RPE) was evaluated before and 
after performing the DST for each of the environments. And finally, GPS was used to control the race pace. 
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Statistical analyses 
Descriptive statistics are represented as mean (SD). Tests of normal distribution and homogeneity 
(Kolmogorov-Smirnov and Levene's, respectively) were conducted on all data before analysis. Wilcoxon test 
was used for determining within-group differences as a repeated measure analysis (pre-post). Analyses of 
one-way ANOVAs were used to analyse the Digit Span Test. A t-tests were used to compared Physiological 
parameters (RPE). Statistically significant effects were further analysed by paired-sample t-tests [0.2 (small); 
0.5 (medium) and > 0.8 (large)] corrected by Holm-Bonferroni for multiple comparisons. Effect size is 
indicated with Cohen’s d for t-tests. Data were analysed using software Statistica (version 10.0; Statsoft, Inc., 





Physiological parameters (RPE) 
A paired sample t-test with RPE [Pre-PEN Condition (0.17 ± 0.16) and Pre-PEA (0.23 ± 0.16)] was no 
significant. However, a t-test with RPE [Pre-PEN Condition (0.17 ± 0.16) and Post-PEN (0.93 ± 0.03)] and 
[Pre-PEA Condition (0.23 ± 0.16) and Pre-PEA Condition (0.94 ± 0.03)] showed higher values in both post 
conditions, t (13) = 15.27, p < .001, d = 6.60 and t(13) = 15.93, p < .001, d = 6.16, respectively. See Figure 
1. 
 
Digit Span Test 
RTs. First, a One-way ANOVA with participants' mean DSTA (Pre-PEN Condition Vs Pre-PEA Condition), 
was not significant, F < 1. Second, a one-way ANOVA with participants' mean DSTA (Pre-PEN Condition 
and Post-PEN Condition), also was significant, (p > .05). However, other one way ANOVA with Pre-PEA 
Condition (0.23 ± 0.16) and Post-PEA (0.94 ± 0.03)] revealed a significant main effect of environment 
condition, t (13) = 2.14, p < .05, d = 0.62. See Figure 1. 
 
 
Note: p < .001. 
 
Figure 1. Physical exercises environment condition. 
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The objective of this research was to compare the results obtained by highly trained University Students in a 
test of attention and working memory such as DST, after a physical exercise intervention in two different 
environmental contexts. The behaviour on the physical exercise's variables that could produce effects on 
cognitive performance has been the objective of the study. Specifically, the present work aimed to analyse 
the effect of running a 10,000 meter run at a medium-high intensity on working memory and attention in semi-
professional athletes. Our results show how performance in the DST test seems to improve significantly with 
the performance of a medium-high intensity aerobic exercise of approximately 40 minutes when it is 
performed in natural environments. Also, no relationship has been observed between DST performance and 
RPE. The results obtained indicate that the performance of PEA has an acute effect on working memory, 
suggesting that attention span and immediate verbal recall may be improved. 
 
The binomial physical exercise and cognition seem to be highly related, with different systematic reviews and 
meta-analyses in the scientific literature that confirm a positive relationship (Álvarez-Bueno et al., 2017; 
Biddle & Asare, 2011). However, there is a multitude of cognitive functions that must be studied 
independently, such as, for example, working memory, which is conceived as a function that involves the 
temporary storage capacity of information to be used in solving complex cognitive tasks. , such as learning 
and reasoning or routine situations, such as remembering a phone number (Gathercole, Alloway, Willis & 
Adam, 2006). The hypothesis raised in this research asserted that the results obtained in the DST test would 
not be modified by carrying out the physical exercise in different environments. However, the results obtained 
show how the TR10N intervention significantly improved the results in the DST test, which would mean 
rejecting the research hypothesis and accepting the null hypothesis. 
 
The results found in this study agree with those found in antecedent research, such as those examined in 
people walking (Berman et al., 2008), on a cycle ergometer (Rogerson et al., 2016), and running (Rogerson 
& Barton, 2015). However, the effect of a physical exercise intervention in natural environments does not 
always offer an improvement in DST performance compared to artificial environments (Bodin & Hartig, 2003; 
Bratman et al., 2015; de Brito et al., 2019). This disagreement in the reviewed results can be explained by 
the diversity of methodological factors, which could cause the discrepancies found (Baena et al., 2020). 
These authors presented a series of characteristics that should be respected by future research aimed at 
comparing interventions in two settings. For example, the importance of performing the cognitive test in the 
same environment to isolate the effect of the intervention based on physical exercise is highlighted, also 
highlighting the need to control the intensity of exercise. In addition to these factors, it has been detected 
how studies with designs similar to the one presented have used different samples, mainly with university 
students, which made it difficult to confirm the existence of a similar level of physical condition. Finally, control 
over external stimuli that could cause marked wear and tear of selective attention is a variable that should be 
considered to explain the discrepancies found in the studies (Bratman et al., 2015; Kaplan, 1995). An 
excessive load of stimuli in both environments, such as avoiding a car or a pedestrian, as well as an 
excessively dense forest, can produce an alteration of the results as a consequence of complicating the 
restoration of the attention that is implicitly assumed to the natural environments (Kaplan, 1993; Kaplan, 
1995). 
 
Also, our results increase the theory that physical exercise in natural environments has an acute positive 
effect on working memory. The diversity of types of exercise, their intensity, and the study samples make it 
difficult for the results found to be extrapolated to other populations. Now, it can be suggested that the 
performance of a moderate-high intensity training by the athlete could have a positive effect on the ability to 
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analyse and process information more fluently, improving attention to potential environmental demands that 
could offer the environment. 
 
Finally, several limitations have been found in the study design. It seems to indicate that the result of the DST 
test could be influenced by the participants' cultural-academic level (Colom et al., 2007). For this reason, 
control over the variable of the educational level of the sample must be considered in order to confirm the 
acute effect of physical exercise. Furthermore, due to the small sample size, the research with a control group 
was not implemented. However, and despite these limitations, it should be noted that this research has 
proposed a similar design to previous studies that had similar objectives. Because we wanted to evaluate 
the acute effect of physical exercise in two environmental contexts in the same subject, it was decided not to 
implement a control group. Additionally, this research has been characterized by overcoming the 
methodological limitations found in the predecessor studies, such as the individual performance of the 
physical exercise, that the control of the intensity of the interventions was similar through the RPE and with 
GPS and that the performance evaluation of the DST test was performed in the same context to isolate the 




In summary, it has been shown how long-duration, high-intensity exercise has an acute positive effect on 
performance in the Digit Span Backward test in highly trained University Students. This improvement in 
working memory is significant when the activity is carried out in natural environments. Likewise, the control 
of the intensity of the exercise through the RPE allows to confirm the influence of the environment in the 
results, since both contexts (artificial and natural) offered a similar difficulty for the evaluated subjects. Finally, 
it should be noted that the methodological design proposed in this work can serve to overcome the 
shortcomings found in previous research. In addition, since the results obtained cannot be extrapolated to 
the general population due to the peculiarity of the sample examined, it is advisable to carry out future 
research that modifies the intensity and duration of physical exercise to evaluate to what extent the 
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